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ASSESSMENT of severity of soil erosion and its prioritization for designing soil and water conservation measures is a challenging task due to lack of reliable data base. Globally, out of the total land area of 13.5 billion ha, about 2 billion ha (15%) is affected by water erosion 1 . This may lead to a loss of 1.4-2.8% of the total agricultural, pasture and forest land by 2020 (ref. 2) . The different kinds of land degradation in India has affected around 120.72 million ha area, the highest (68.4%) being contributed by water erosion (82.57 m ha) 3 . The decline in production by washing out surface soil through water erosion negatively affects food security 4 . The water erosion removes 13.4 million tonnes soil per year, which amounts to economic loss of US$ 2.51 billion 5 . Singh et al. 6 
The factor R is the annual total value of the erosion index (EI 30 ) for a specific site. Rainfall erosivity (R) is expressed in Mega Joules-millimetre (MJ-mm) per hectare-houryear (ha h year). It is computed as the product of rainstorm kinetic energy (KE) and the maximum intensity for 30 min duration and added for all storms in a year. 16 collected the rainfall data of 50 years from automatic rainfall recorder for 45 stations in India and computed EI 30 value for each storm. Linear relationships were established between mean annual erosion index (Y A ) and mean annual rainfall (X A ) and seasonal erosion index (Y S ) and average seasonal rainfall (X S ) (eqs (2) and (3)).
Y S = 50 + 0.389X S (r = 0.88).
From these values and additional data from 225 stations, iso-erodent map of India showing R-values of different parts of country including Punjab was prepared. These stations are located in districts, tehsils and some selected blocks of the state. These values were used as a source for confirming R-value of different grids. In addition, 30 years' data of monthly rainfall for 20 stations of the state were collected and annual and seasonal R-values were computed using the regression equations of Ram Babu et al. 16 . Spatial estimation of rainfall erosivity is computed from the climate data of a given station and then converting point data into polygon data through krigging techniques of GIS.
The K factor is a measure of erodibility of a particular soil under the standard condition of unit USLE plot, under continuous fallow. It is measured in Mg ha h/ha MJ-mm. It was calculated from soil erodibility monograph 14 , by putting the values of texture, organic matter, structure and permeability of soil. It can also be calculated using eq. (4) . The values were taken from the 586 grids soil data collected by NBSS&LUP during soil resource mapping of the state and analysed in the laboratory. 4 1.14 100 2.1 10 M (12 ) 3.25( 2) 2.
where M is particle size parameter (per cent silt + per cent very fine sand) (100% clay); a the percentage of organic matter; b the soil structure code (very fine granular 1, fine granular 2, medium or coarse granular 3, blocky, platy or massive 4) and c is profile permeability class (rapid 1, moderate to rapid 2, moderate 3, slow to moderate 4, slow 5, very slow 6). The L factor is the ratio of soil loss from the field slope length to that from standard plot (22.13 m) length under similar conditions and slope steepness (S) factor is the ratio of soil loss from the area with specified cover and management to that from a 9% slope under similar conditions. Combined values of LS factor for different lengths and degrees of slope have been compiled 17 and these were used to obtain LS value for different grids.
The C factor is the ratio of soil loss from an area with particular cover and management condition to a similar area in continuous fallow. The preliminary data for estimating cover and management factor for various crops grown at a particular grid has been taken from the profile data sheet 18 district-wise statistics of Punjab 19 and compilation of Singh et al. 20 . The P factor is the ratio of soil loss with a particular support practice to the corresponding loss with up and down cultivation. The C factor was identified on basis of the cropping intensity in different districts. Maximum C factor of value '1' is taken from clean cultivated field, i.e. without any crop cover and the value decrease with increase of cropping intensity. The values of these factors have been worked out by different researchers and compiled by Singh et al. 20 and Wischmeier and Smith 14 . The main conservation practices followed at the grid point, were taken from the survey data of NBSS&LUP, Nagpur during resource mapping of Punjab 19 and compilation of Singh et al. 20 . The grid information (10  10 km) at different georeferenced locations in Punjab was collected from the soil resource data of Punjab for computation of K, LS, C and P factors. Maps were generated by using GIS through putting point data in a polygon of representative stations by krigging interpolation and creating polygons. The latitude, longitude and soil values for different grid points were used in GIS for generating soil erosion map of Punjab.
Six erosion classes were generated depending on the values of soil loss in the state. The R, K, LS, C and P factors were classified into different classes and presented in the map. Table 1 reveals that the largest area (87.51%) in the state has very slight to nil erosion. Some parts of Dhar and Patahnkot areas constituting about 7.16% of total geographical area (TGA) of the state are affected by moderate erosion as a result of runoff of water on sloppy lands having slopes ranging from 8% to >15% (Figure 1) .
Foothills of Shiwaliks, constituting 1.72% of the area is affected by severe erosion due to seasonal streams locally called as 'Choes' during rains and it causes havoc in low lying areas (piedmonts) in districts of Jalandhar, Hoshiarpur, Rupnagar, Nawanshahar, Pathankot and Hoshiarpur. The side slopes in Shiwaliks hills (1.42%) are subjected to very severe erosion due to rapid runoff losses. In Punjab, only 3.14% of the area suffers from severe to very severe soil erosion, which is mainly in Shiwaliks and its foothills in northern parts of the state. This area is also popularly known as the Kandi area.
The maps related to different factors of USLE are shown in Figures 2-6 . The erosivity factor (MJ mm/ha h year) data indicates maximum R value (>400 MJ mm/ha h year) was observed in northern parts which are dominantly sub-mountainous areas of Shiwaliks, followed by 300-400 MJ mm/ha h year in the foothills of Shiwaliks, 300-400 MJ mm/ha h year in central parts (alluvial plains) and <200 MJ mm/ha h year in southern parts (sandy areas) of the state. Four classes of C-values were identified in the state, having the maximum area between 0.25 and 0.50 categories. It indicates the maximum crop coverage in the state throughout the year due to intensive crop cultivation, which reduces the soil loss to a large extent. Majority of the state area (41%) has P-value 0.2 to 0.3 and 0.4 to 0.5 and no specific soil conservation measures are required. The remaining areas of the state have P-values in the range of <0.20, 0.4 to 0.5 and >0.5 respectively.
Improved land and crop production technologies such as contour bunding, contour cultivation and conservation agricultural practices may be adopted to enhance the farm productivity on a sustainable basis.
Quantitative assessment of soil erosion in Punjab through USLE showed 87.51%, 6.31%, 2.16%, 0.88%, 1.72% and 1.42% of the area was experiencing soil loss in the range of <5, 5-10, 10-15, 15-20, 20-40 and >40 Mg ha -1 year -1 respectively. To ensure long-term sustainability of production systems and environmental security, location-specific agronomic, mechanical and conservation agricultural practices need to be promoted 
